This study investigates pedestrian avoidance behaviors in a crowd. In order to appreciate avoidance behaviors in detail, the new graphic illustration method, called "Pedestrian-Perspective Movement Tracking Diagram" was developed in this paper. This illustration method packs a sequence of pedestrian movement from the pedestrian's perspective visually in one picture.
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Background
As the demand increases for large-scale and higher buildings, the planning of the pedestrian space around them becomes ever more complex. The congestion level of a crowd is usually measured with density or flow rate in architectural planning especially in the human-safety field like estimating evacuation time or building capacity. However, these indicators are not based on the experience of the pedestrians themselves in the crowd. The new index for walking difficulty is required. We assumed that walking difficulty could be measured by leveling and counting pedestrians avoidance behavior strength. Since, it can be inferred that reducing avoidance behavior enables pedestrians to walk more comfortably. Thus, this paper investigates to elucidate pedestrian avoidance behavior in detail, in order to realize automatic estimation of avoidance strength in a crowd eventually.
Methods
An experiment was conducted under laboratory conditions. Participants included a total of 30 university students. In each experiment trial, one participant crossed a pedestrian flow that consisted of 15 or 18 participants (Fig. 3) . The experiment was conducted utilizing three different density levels at four different crossing angles. The traversers walked through the flow with from one of four incidence angles: 45, 90, 135, or 180 degrees (Fig. 1) . Trials for each condition combination of conditions were replicated three times. The participants' head coordinates were recorded with a motion capture system.
The captured coordinates were analyzed with our new graphic illustration method called the Pedestrian-Perspective
Movement Tracking Diagram (PPMT-Diagram), which was developed and proposed to visually represent the sequential movement of a pedestrian (Fig.4) . In the PPMT-Diagram, the origin of the diagram corresponds the position of the pedestrian at the each captured moment and the direction of the horizontal axis corresponds to the direction in which the pedestrian towards at the moment. Then, the plotted line represents the position of the pedestrian one second after the moment. Thus, if the plot line goes down, it means the pedestrian reduced its walking speed. If the plot line expands along the x-axis, it means he/she changed the walking direction.
Results
Figs. 6-17 are the typical PPMT-Diagram from each experiment condition. As long as no avoidance behavior appears, the trajectory paths are collected in the center of the diagram (Figs.6-9 ). Figs. 11, 12, 15 in which avoidance behaviors were observed show that the pedestrians avoided the others quickly but slowly recovered to the stable walk. No pedestrian detoured without reducing their walking speed to less than 1.0 m/s.
Case Study
A case study in a real railway station was also carried out applying the new method to observe avoidance behaviors in more complex pedestrian flow. The trajectory path of passenger A who avoided other persons with detouring ( Fig.19) expands almost the same amount right and left side of the field. On the other hand, the trajectory path of passenger B who did not avoid other person but just change his walking direction (Fig.21) , expands only in the left side of the diagram. Thereby, the avoidance by detouring can be distinguished from a normal walking direction change from the PPMT-Diagram.
Conclusion
An experiment and a case study were conducted to clarify the detailed mechanism of pedestrian's avoidance behavior in crowd. Furthermore, a new graphic illustration method for pedestrian's movement sequence was developed. From our results, a avoidance behavior can be described in the following order:
Reduce their speed to adjust the distance from other persons.
Change their walking direction and detour the other if they can not avoid it only reducing speed.
Recover their walking speed and direction slowly. （2015 年 4 月 10 日原稿受理，2015 年 10 月 6 日採用決定）
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